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Heterophllic polyitorphonuclear granulocytes from the 
peritoneal exudate and lymphocytes from the appendix 
the rabbit were Irradiated with x- and beta-radiation in 
vitro , and the aubaecuent oxygen uptolie of the colls '**s 
taken as a quantitative measure of the radiation effects. 

^'ean respiration values of the non-lr radiated controls 
expressed In mlcrollters of oxygen per nllllon cells per 
hour were found to be two hundred sixty-two one theusondths 
for the granulocytes and six hundred slxty-two one theu- 
eandthg for the lymphocytes. 

The dose of unflltered x-radintlon that reduced 
gr nulocyte oxygen coneumntion to fifty percent of control 
<-as t?;onty- throe theussnd roentgens, and the respir tion 
curve followed an exponential depression after an inltl-1 
etifflulation. The lymphocytes are rr.uch xoro radiosensitive; 
their fifty percent dose was six thousand roentgens, nd the 
resni’ation curve was exponential after an initi 1 depression. 

L'cing granulocyte suspensions as a biological indie- tor, 
this study found the relative biological effectiveness 
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of beta radiation to bo about one-half as ^reat as x- 
radlfttlon, 

ftadlatlon effects cn respiration wero oho -n to be 
strongly dependent upon the pH of the suspending saedlu®, 
and directly proportional to the hydrogen ion concentra- 
tion over a range of one pH unit cround the pH of blood. 

The radiation effects varied inversely with granulocyte 
concentration in the suspension, over the range fro:t one 
to sixteen times their concentration in peripheral blood. 

Irradiation at ten to twenty degrees centigrade had 
no definite effect on respiration, nor did the "Incubrtion 
time" after irradiation. A reduced radiation effect was 
obtained when the cells were irradiated with filtered 
X- radiation. 

It is concluded thit deetr action of the peripheral 
^?hlt* blood celle is a miner factor in radiation injury, 
even though lymphoid and myeloid are the two moot radio- 
sensitive tlgauee. 
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Introduction 



Changee in the blood were aaong the first effects of 
ejcrosure of the body to radiation which were recognized 
ftft«r- Hoontgen*s original discovery. The best present 
index of radiation dam.’^o Is the change in blood and 
blood- forming organs. Nevertheless, the mechanism of 
radiation injury to the blood cells In etill not fully 
understood. Nor is the relative effectiveness of 
Irradiation by the different Ionizing particles finally 
established. Some of the effects of irradiating rcfl^h- 
eral white blood cells la "^itro have been investigated. 
Gr.inulocyte and lymphocyte suapensiona obtained from 
rabbits were irradiated either with x- or beta-radiation. 
The subsequent oxygen uptake of the cells was used as a 
quantitative measure of the radiation effects on the 
respiration. 



Historical Review 
ia Vivo Irradiation 

The typical result of massive whole-body irradiation 
on the granulocyte series is an initial moderate leuko- 
cytosis follo^.red by a drop in the cell count. Hagen, 
Jacobson, Murray, and Lear (5) found two pealts, at eight 
and at twenty- four hours, In the heterophil e count of 
rabbits receiving 500 roentgens of x-radiatlon. These 
risen wore followed by a granulocytopenia which dlsa* eared 



in eight to ten days. The transient leuhocytosis is 
^robably due to a aiobillsatlon of the granulocytes 
thrrughout the body. The subeecuent leukopenia is 
attributed to the radiation daaagc to the hematopoietic 
tissue in tho bone marrow, 

Glenn (<i> 3) used the phagocytic Index a« a rreaouro 
of the effect of radiation on rabbits. He found an in- 
croase in th© index 46 to 96 hours follo ’lnp; 100 roentgens 
of x-radiation delivered to the thigh. 

The lyrnrhocytes are th© most sensitive of the 
peripheral blood cells. After whole-body exposure to 
sinf'l® doses of radiation a lymphopenia aoreara within 
twenty-four hours, Steerner, Blfnsionsi end J«c'‘bson (20) 
found a si»gnlflcant drop in tho lyrsphocyte count of the 
rrt after exposure to 25 roentgens, Recovery follo'*ing 
a non-lcthal dose began, depending on the dose, within 
a few hours and was comp^®^® I*' ^ weekn. 

Hagen, et al, also observed by fixed sections the 
rlnr- of lympbatlc tissue In the rabbit appendix nft«r 
Ail vivo exposure to 400 roentgens. Regeneration of tho 
and to a lesser extent, tho sedlum and the l.irge 
lymphocytes began at one hour after irradiation, in- 
creased to a saxlmura at eight hours, and ended at twenty- 
four hours. The resulting cellular debris was ranidly 
phagocytlsed by macropivigoa , while the heteroplastic 
regeneration of lymphocytes began within one hour. 



De Bruyn <1) by meana of histological studies after 
vhole-body cjposure, found the ralnlsusi detectable Injury 
to rabbit lymph nodes after a doae of 50 roentgens. 

8* In Vitro Irradiation 

Studies on the radiation effects on white blood cells 
in ilicn have been carried out by several authors. Jolly 
and Lacaesagne (6) compai'ed rabbit blood after in vitro 
and Jji vivo irradiation, and found no effect on count 
or motility of either the polymorphonuclear granulocytes 
or the lymphocytes in the jyi vitro samples. Spurling 
and Lawrence (19) used radium to deliver twice the erythema 
dose to citrate d human blood. It was then examined for 
histological chiinges at fifteen tnlnute intervals for on© 
and one-half hours, without detecting any alteration in 
the leukocytes. 

Osgood and Bracher (11) irradiated human bone marrew 
culture.^ containing lymphocytes as ^rell as mature . nd 
lE'^atur© cells of the granulocyte series. Their criterion 
was the total and differential count, expressed in per- 
centage of the non-lrradiatcd control, and they examined 
the cultures at dally intervals for a week following 
the exposure. At 400 roentgens, the lymphocyte count 
dropped ImtDediately, reaching a minimum in three to four 
days, while the granulocyte count drop began at forty- 
eight houre, reaching a tainimua in seven days. These 



InveGtlgatcrs found no significant variation In effect 
with variation in quality (HVL varied from 1.54 ram Cu to 
0.36 mm Cu) or dosage rate (from 74 r/icin to 7 r/mln). 

A refinescnt of the appearance criterion was used by 
^"chrek (16) by adding eosin In Tyrode* n solution to cell 
suspensione after irradiation, then c^'iinting the unstained 
cells, which were presumed viable. The suspensions were 
derived from rabbit bone marro?^, spleen, and thymus, and 
from both lymphocytic and myelogenous leukemic Imiman blood. 
Schrek found here that exposure to 1,000 roentgens caused 
lymphocyte death after a three hour latent period, but 
left the granulocytes unaffected. 

dadiatlon effects on granulocytes specifically were 
looked for by Knott and Watt (7) using first the ap?:>ei 4 r- 
ancc In stained films and then the phagocytic power as 
an Index. They found a radiation quality variation when 
Oxal&ted human blood, hold In a paraffin block to 
mlnlalae back scatter, showed no damage after an exposure 
of two hours to deep x-rays, but definite damage appeared 
after fifteen minutes *’hen blotting paper saturated in 
a metallic salt solution was placed directly over the 
liquid sample. Complete loss of rhogocytosls to 
staphylococci was found after an exposure lasting thirty- 
five minutes, which demonstrated that the phagocytic 
function is a more sensitive Index of coll dsmage than Is 
microscopic appearance. 
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Guns ( 4 ) studied cultures made from patients vith 
chronic myeloid leukemia by total and differential counts 
and by the raltotlo count. He found a significant reduction 
in the number of immature cells present forty-eight hours 
after an exposure to 100 roentgens^ or twenty-four hours 
after 1>000 or 10^000 roentgens. But the mature granular 
cells were equally numerous In control rmd Irradiated 
samples. 

Work on lymphatic tissue suspensions has been done by 
Gtenstrom and King (21), who Irradiated coaenterlc lymph 
node cultures at dosages up to 15*000 roontgens, and 
observed migration and ameboid mevoment over a period 
of a month. They found an Inhibition of migration following 
exposure. Schrok (17) correlated dark field microscope 
ebeervatlons of Irradiated lymphatic suspensions from the 
thymus with fixed and stained spreads. Ko observed small 
vacuoles In one or a few focal areas in the nucleus which 
developed slowly, although at a faster rate in exposed 
thon in control cells. Ke concluded that x-rayc 
accelerate lymphocyte degeneration developing from focal 
intranuclear areas of hydration. 

In summary, these observation show that lymphocytes 
end immature granulocytes are more radiosensitive than 
mature polymorphonuclear leukocytes. Good cultures of 
normal peripheral blood cells and a sensitive, quantitative 
inde"- of radiation damn«re to mature cells are the major 
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techniques to be Improved for further Investigation on 
the action and mechanlem of Ionizing radiation on white 
blood cello. 

C. White Cell Cultures. 

There arc several techniquee available for obtaining 
the peripheral leukocytes for ^ vitro studies. Human 
leukocytes may be separated from normal or leukemic whole 
blood by leukocyte flotation (Valleo, Hughes, and Gibson, 
23), by erythrocyte lysis (Singer, Sllberbach, and 
Schwartz, 18), or by erythrocyte sedimentation (Minor and 
Burnett, 9), Human bone marrow cultures (Osgood and 
Sracher, 11) and "buffy coat" isolation from leukemic 
patients (fchrek, 16 and Guns, 4) are methods which have 
been uoed by Investigators for studying Irradiation 
effects in vitro . Cultures made by these techniques are 
not erythrocyte free, nor Is there an isolation of the 
different forma. The number of mature cel In la low In 
all except the method which depended on the separation 
from normal ^^hole blood, in which case the use of the 
agents such ae albumin and gramicidin probably affects 
the morphology and physiology of the cells. 

In the present study rabbit granulocytes were 

obtained fi*om the peritoneal oxudate, a technique 

credited to K. J. Hamburger (Mudd et al, 10* Singer et al 

18). This fuethod, If not repeated at too frequent 
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intervals (Fonder and MacLeod, 13) giveo mature heterophillo 
gr&nulocytoa (Class I or older) In relatively large quantity, 
^ith negligible admixture of other cell types. 

Lymphocyte Euapenslons are most easily prep^j^ed from 
minced lymph follicles. The lymphatic tiasue may come from 
the Kssenterlc lyratph nodes (Stenstroa and King, £1), the 
thymue and spleen (fc’chrek, 16), the bone marrow (Osgcod 
find Eracher, 11), or the submacoaa of the rabbit 
vermiform pirocese. The latter method was suggested by 
““rofessor Myers, and was the method used for this problem. 
Schrek (16) also used lymphocytic leukemic human blood as 
a tissue culture source. Ksirkowitz (6, page 435) describes 
cannulation of the thoracic duct of doga ae a poeoible 
procedure. This should give cells most representative of 
thoee found in the peripheral blood. 

0, Hespiratory Metabolism, 

Kespiratory metabolism values for exudative rabbit 
leukocytes were shown by Ponder and MacLeod (12) to be 
independent of the cell concentration for counts in the 
range from 10,000 to 125,000 cells per cubic millimeter. 

The same investigators (14) found the Qa (million cells) 
to average 0.40 ralcrcliters Og per million colls per 
hour. Expressed on a dry weight basis, this is about 
6.r> mlcrollters O 2 per mllllrram dry weight tisoue per 
hour. The errors in ostlraating dry weights are normally 
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greater than the counting error, therefore the Qq (railllon 
cells) fora of expressing the result is preferable. 

Material 0 and Methods 
A, Tissue Culture 

Exudativa granulooytea Mere obtained for irradiation 
by a variation of the method of Mudd, Luche, McCutcheon, 
and Strumia (10). Three hundred ffiilllllters of sterile 
physiological saline were injected Intrapsritoneally in 
a rabbit, juid the injection was repeated about sixteen 
hours later. For injection the rabbit was placed on its 
bad', head down, on a rabbit board tipped about 30®, 

In this position the viscera wore ahdftod forward cut of 
the way, and an eighteen gauge needle was inserted about 
two Inches below the urablllcue, near the mldllne. With 
the rabbit board returned to the horizontal a funnel on 
a ringstand was connected to the needle by flexible tubing 
and the saline solution introduced into the peritoneal 
cavity by gravity flow. Four hours after the second 
Injection, approximately 150 slllllltera of peritoneal 
fluid were withdrawn by syringe with an eighteen gauge 
needle one inch long which had four side holes drilled 
near the tip. The fluid exudate was received in 75 ml 
of citrato-sallne solution (0.7^ sodium chloride plus 
1,1 « sodium citrate), centrifuged at 1000 rpn for five 

minutes, and the cupornatrint fluid was difioardod. The 
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vhite colls »fere washed in citratc-aaline, and rosua’^'^ndcS 
to & concentration of about 60,000 cells per cubic nsilllf?.eter 
in buffered Ringer* e solution cotaposed as follows: 0.85^ 

NaClj 0.042^ KCl; 0.0245IE CaClgj 0*1,^ glucose j 0.06^ 

KagHPO^; adjusted to pH 7.4 with HgPO^. The cells were 
counted with a heaocytojReter, This technique was repeated 
at a'proxliaately weelcly intervals for three months with no 
ill effect on any of the rabbits and without diminution in 
the number of colls recovered. Adult female rabbits of 
the ^«w Zealand strain, weighing about four kilograms, 
wore used. 

the exudate was free of erythrocytes, and contained 
about 8,000 osllB per cubic asilllsietor, which were 
predoalnately (95^) hoterophillc polysorphonuclevor gran- 
ulocytes. Almost one and ono-haif billion granulocytea, 
or about two silliliters of packed cells vere “harvested* 
each time, The granulocytes were phagocytic to Fecherlchia 
ooll and exhibited ameboid movements. They remained viable 
for at least twenty-four hours if held nt 4®C. 

For the lymphocyte studies a dense auepsnsion was 
obtained from the layer of lymph follicles in the wall 
of the vermiform process of the rabbit. The appendix 
was removed and the blind end cut off. The resulting 
flaccid tube was slit length’-'ise, f;nd when spread out 
nd pinned, inside up, on a waxed board, was a rectangle 
of tissue which measured about three by ten centime ter a. 

The topmost layer of epithelium wao rolled off, exposing 
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the ffiiddle layer of lyasphocytee, which \:&,s scraped off 
and received in citrate*-salin©. 

'This technique gave froai one to two billion ceils, 
which were handled, in general, the came as the granu- 
locytes . The lytnphocytes, however, coagulate much more 
readily than do the (^anulocytes, so th t it was necessary 
to add heparin (about 0,05 nig/ml) to the citrate-saline 
and the buffered P.inger’e sclutlonn used for the 
lymphocytes. 



B. Irradiation 

A General Flectric Kar-:is:ar deep therapy installation 
was used to irradiate the cell suspensions. The constants 
were: 250 kvp, 16 ma, 22 cm target to suspension, minimum 

wave length 0.05 Angotrorns, Dosage was calibrated rith a 
Vlctoreen r— meter. With no filter (except the 0.5 sr, /d. 
equivalent celf filter of the x-ray tub© and the pyrex 
glass tect tube), the dosage rate was BOO roentgens per 
minute, half value layer 0.635 mm Cu, equivalent wave 
length as determined with 1/4 m Cu, 0,22 vith 
BH added 1,0 m.T' alirainua filter the dosego rate vr.Q 600 
roentgens per minute, HVL 0.642 mnj Gu, equivalent mve 
length 0.21 fl. 

The only cmvenlent radio-isotope of phosphorus to 
use i? 2^^. It is a l.Tl hcv (maximutn) beta emitter, vdth 
no gasi'EA radiation, Ax’ollable from Oak Bidgc a« 

api-roximutoly one-flftlcth laolar phosphoric acid, it is 
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readily Incorpcratefi into a buffered flingcr’s eolution. 
the cells to be irradiated vere suspended in this **hot" 
buffered Ringer’s at dossge rates up tc 24 rep per minute, 
Caleulaticn cf close t?as nade using the geo»etry factors 
of Picharde and Rubin (15). 

The aetivo phosphorus KsGtabolica cf the irradiated 
cells was demons tratod by the radioactivity which remained, 
In fir its of several cfashlngc, after the colls were espai*atod 
frcL’ the "hot" buffered Ringer’s cclutlon. The- self~ 
irradiation resulting from this uptaVe by the colic 
’as negligible in cosrpi-rlson ’-?ith the dose adisinictered 
by thf radioactive suspending medium. 

C, Ro spirometry. 

the peripheral white blood cclla have several 
ch?racteristics which are suitable as criteria of viability, 
/meboid xovemoRt, chesctropic meveaent, ?.nd phagocytosis are 
prob&biy leer; amenable to quantitx.tivs measui'ement thi.n is 
cellular renpiraticn. Accordingly’, the Warburg censtant- 
volu»e rsspirometer was used to xeasure oxygen uptahe 
sfter irradiation of the celle. 

The yarburg direct method described in Umbreit, 
fcurrts ond rtsuffer (22, poge 12) vae followed. This 
technique holds the gae and fluid volumes ernntant, 
absorbs all of the carbon dioxide evolved, and measures 

th'' '^©crease in pressui'e ae oxygen lo ennauraed. 
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volusc Ox oxygen utilised per lx>ur, at standard conditions, 
ie computed. The cells were added in 1.5 milliliters of 
a buffered Ringer’s solutlrn, in a concentration of about 
50,000 cello per cubic milllnetor. Thlc corresponds to 
*bout fifteen aiilllgrcms dry weight of cells per flush, 
nd givofi about fifteen nilcrollterc exyger. uptake j'er 
hour at 27 ’’C, 

Celjs receiving a particular dose were divided Into 
four to eight oaraplos for the respir^atlon cieu8urc..'.ents. 
The cells in suspension settle out under gravity, n! tend 
c’uJpp and for® strings ae the suspension ages, This 
makoe divinlon into nlicuota difficult, and causes most 
of the variation in uptake amonp replicate flaeks. 

Volumetric errors were minlrtir.ed by using automatic 
olpettes. The mean for each net of ssr.plos was calculated, 
rnd the oxygen uptake expreseed as a percentage of the 
uptake cf the non- irradiated control. The dintrlhuticn 
ttred to find the limits that tfculd include the 
ropuV ticn oean In 95,t of all oatnples fron a noraaU 
population (Vinsor, ?4, page 114), and this 95f> con- 
fidence Interval was pilotted in percentage of control. 
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Experimental Heaultg 
A. Oranulocytes 

Figures 1 through 7, following, contain the results of 
this portion of the investigation. The *’stmi4ard curve*', 
figure 1, is for exudative granulocyte suspensionc buffered 
at pH 7.4, exposed to unflltered x-rays at room teanerature, 
800 roentgens per sinutc. Those data shoi/ an increased 
respiration up tn about 6000 roentgens, then a decrease vdlth 
a dose of 82,000 r causing 505 reduction In oxygen con- 
sumption. An exponential survival curve, fltt^'d by the 
method of least squares without rogord to the confidence 
limits of the points. Is sho’.ti for comtjarison. 

Vstriatlon of effect due to adding a 1.0 ;xt. oIu;:3inuii 
filt<«r and 00 removing the oof ter x-rays is shorn in the 
next plot. Although the quality and dose rata ch nge is 
9 a»ll, the radiation effect on oxygon uotaho io T.uch 
lesc than it is for the “standard curve*’ > 

Ficure 6 shows that one rocntgen-equivnlont-phyaical 
of beta radiation from phosphorus corresponds to 0.56 
roentgen of 250 k%»?, 15 ma unfiltered x-radiation for 
tho 50v dose for granulocyteo. T;iie oorrosponds tc 
142 ergs per grats tin rue ox* a valuo of 55.0 el^'ctrcn 
volts pel* Ion pair In tissue. However, tJio dose rate was 
only 24 reo per minute, and th? ouopeminn vas held 
fit 4'^C. The varlfAtlcn of those parameters may be part 
of the cause of this non-oquivaicnee of rep and reentgon 

for thin biological system. 
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One granulocyte culture was obtained frost a rabbit 
which had received, one month previouely, 1000 r of vhole- 
bodj’ X- radiation. The cells were irradiated vitrr^ 
end respiration determined in the usual manner. Cn the 
basis of the-’fo limited data (figure 4), the jyi vivo 
exooeure resulted in granulocytes which were more radic- 
resistant than those obtained from rabbits that had 
received no previous exposure. 

The next three curves show the results of changing 
the conditions during exposure. Irradiation in the cold 
(figure 5) gave results similar to the standard curve 
below 15,000 r. Respiration was less depressed at this 
dose level, and was slightly stimulated in the three 
saaples receiving hlgh^-r doses. 

Figure 6 is st- plot of oxygen uptake after 9,000 
r of filtered x-radiation against the pH of the buffered 
Ringer’s cell suspension* The respiration lo expressed 
in per cent of the uptake of the non-irradiated control 
helv. at the case pH, thereby eliminating the effect of 
pH on the metliod of respiration measurement, A strong 
dependence on hydrogen ion concentration is evident, 
vlth a maxlmu® cell mortality when suspended in a slightly 
acid medium, A pH drop of 0.3 from the physiological 7.4 
doubled the radiotion effect cn granulocytes. This pH 
change also corresponds to doubling the number of hydrogen 

lone in the suspension. Some of the scatter of the 
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points of tile standard curve, figure 1, is probably duo 
to undetected variation In pK. 

The protection phenorsena accoinpanylng an Increaeo in 
cell concentration is evident in figure 7, Eleven deter- 
sin tionn of oxygen uptake at each of t'-a-o dose levels vsre 
plotted against the concentration of the cell euspsnsicns. 

A linear rogreesion lino was fitted by least squares, and 
the correlation coefficient (’'insor, 24-, page 122) and moan 
value of oxygen uptsike cotaputed for each plot, /t 7,200 r, 
the ffiean respinaticn was 90^ of control, the correlation 
coefficient 0.57, In the range of concrntratlonc investi- 
gated, fro© one to sixteen tltr.ejs the leukocyte concentration 
in the peripheral blood, a change of .30 aillion cells per 
El. caused a change of ten per cent in radiation effect. 

At twice thl« dosage, 14,400 r, ©can respiration was 79;^, 
correlation coefficient 0,37, and a ten per cent change 
resulted from a shift of 27 million cells per ml. TMs 
dependence of radlntion effect on call ccncentratlcn is 
one cauce of the scatter in the data suT<marlsod in flgui‘e 1, 
because the ceil concentration was not the same for 
different cuspcnslonc. 

The interval between beginning of Irradiation and 
beginning of the resplrometcr roadlngs averaged 2 1/4 
hours, and ranged fro© 1 1/2 to 3 3/4 hours. An analysis 
of the data shoved no correlation between radiation effects 
,i.nd thin "incubation time.* Hor waa there any variation of 
effect of radiation on cultures prepared from different 



rabbit 0 , 
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B» Lysjphocytes 

Ficrurea 8 and 9 depict the results from irradiation 
of lyophocytGS obtained from the appendix. The "lynijjhocyte 
standard curve” of figure 8 shows an iar-ediate drop in 
activity, followed by an exponential decay. The 50 i doae 
le 6,000 r, about one-fourth of that for the grariUlocytes. 

A shallower Initial depression fol loured by an ex- 
ponential drop in respiration was obtained from beta 
lrrA.dlstion of the lymphocytes. One roentgen-equivalent- 
physical of 1.71 ^'’ev maximum beta radi«atlon coi'renponcU to 
cne-fourth roentgen of the unflltcred 250 hvP, 13 laa 
x-radiation at the 50^ doss level for these cells* Ag 
tfith th'’ granulocytes, the lowered dose rate and omblont 
temperature mny cause the reduced effect of beta compared 
to x-radintlon. Another major cause of this deviation 
is the clumping of the cello in the sus‘'enslon as they 
settle out under gra^'ity during the overnight exposure to 
the ‘‘hot” buffered Hlnger’s. This makes the actual dose 
les than that calculated for a uniform coll susoensicn. 



-25 



Roc/tohon Sffecl on 

UnfiltereJ x-r«y; HVL O.G3S" /Tfm C( 

pHZ^; ZS^C 




O 




I 



i 



fhdiotion £ffect on Lymphocyjtes 
Phosphorus Zrrtidtcition 
Ce/)s suspenc/iZ m 6a/lF<TrrJ 





-L- 



6 



• esplratory T»ctaboll&3 values 

The absolute values of oxyeea uptake are averaged in 
th«* table beloier, 

^Oo computed fro® cells) by using 

tns experimental values of 10,3 ndllion gr.'iaulocyte8 per 
ffilligram dry weight and 23.2 aillion lymphocytes per 
mlllipraa dry rfeight. 

‘iotc th t no increase in Qq such ae would indie -ute 

2 

more iai^sature granulocytes was found between first nd 

subseouent cultures, except that the On. for the erud ..tef* 

2 

cbt dncJ after a three-week rest following a culture 
eeriea were about 30 / higher than the average of ill 
granulocyte determlnstiona. Ho correl^^tion v;as f-^un’ 
b«tw^>sn ’»nl the age of the cell suapenaion when 
renn.lr*jtion neasuroaents began. 



Humber of 
Cell typo cultures 


Humber of 
samples 


Qq <10® cells) 
2 




Crarsulocyts, 
first culture 


4 


16 


0.261 


e.gp 


Granule cyte, 
second culture 


4 


24 


.254 


2.6^ 


Granulocyte, 

serlofl at weekly 
intervals 


13 


76 


.249 


2.58 


Granulocyte, 

3 weeks after 
pj^cvlrun ^’horves 

ing" 


t— 

3 


14 


.533 


3.' 3 


Granulocyte, 
iiV . rage of all 
runs 


24 


I 3 O 


0.262 


2.70 


..ymrhocyto 


4r 


16 


0.662 


17.3 
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Discussion 



In thoao studies large dosee of penetrating radiations 
were found necessary to deorens the reorlrntlon of the 
B«.t»3re white blood cells. So, although it la a ouantlt- tive 
reassure, oxygen uptake is not a censltive criterion of coll 
doasge. 7ho phagocytic index or the nucleic acid saeta- 
bollsr demonstrated with radioactive tracer techniques 
C'^uld be equally quantitative, and might be more sensitive 
indicators of radiation effect on leukocytoo. 

7he threshold of radiation effect observed in the 
oxygen uptake of granulocytes and the Initial depro'salon 
in the uptake of the irradiated lymphocytes cause moot of 
the difference between tho response of the two cell tyoes. 

The exponential portions of the two cui^ea have nearly 
the came slopes. ?adlation has four tlmee the effect 
on lyaTphocyteo as on granulocytes in terms of the dose 
reqtdrcd to reduce tho oxygen uptake to 50 ^ of ccntrol. 

'^ut if the threshold effects are ignored, end tho cx- 
■^oncntlnl portions of the two curves are compared, 
radiation han only 1.4 tlmsn the effect rn lya^^hocytes 
t^'r.t it has on granulocytes. 

The racJiatlon effects jji vitro were shown to vary inversely 
’.7lth th'^* granulocyte concentration of the suopenclon over a 
range of one to sixteen times their concentration in tho 
^erirh^'ral blood. During the In vivo exoosure tho 
circulating leukocytes are surrounded by 600 tines their 
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number of arythrocytes. It Boema rcason&bl® to surrdsc 
th*t the eryt}ia:*ocytes afford tho leukocytes this nanie 
protection dua-ing the ^ vivo Irradiation , 

'because ouch Ipjrge doaec cf radiation were re^’.-lred for 
destruction of the peripheral vhlto blood cells ^ vltTO> 
tl.vjs:)ge to their precuroors in tho myeloid and lycr-'hoid 
hem- topoietic tieBue r&thor then direct effect on the 
mature circulating cello aay account for the lyir.oh»penia &c 
well as for tho granulocytopenia which fellows ilicle-bofiy 
exnoaure to Xt.rge amounts of penetrating; Icnlnlng r-'di tlon. 

Large dosages to three cell suspensions at lo'* 
tesporatures (10~2i0OC) gave no depression of resT'irfition. 

w«.y be due to an "indirect jsotlon" or it raav be up 
•no’^nlcus effect, because thi^ne ssjrplec liad high cell 
concentrations. Further work within narrow ccncentr tlon 
llsiits, over a range of temperatures from 0-40®C, and 
at cf'nstsnt dosare, is necessary before concluslcne cp.n 
be fairly drawn concerning the temperature effects, '’uch 
ft »tudy with thcBC Inakocyteo might demenstrate a definite 
te"T>erature deprndpncR for radiation effects. 

The independence found between radiation effect nl 
"incubation tioe" argues against the "indirect action" 
concent which predicts that longer e^rt'csure to tho 
irradiated medium causes greater depreesion of cell 
activity. Thin Is not a concluslvo result, however, 

because the time Ing botveen radiation exposure and 
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rec'^lraticn rr,»>a9ur®aient in this experiment was small i.nd 
C''«st^nt in comparison to the life cf the granulocytes, 

(khd the cells were held at room temperature Instead rf rit 
37° f'. 

The linear dep'^ndcnce of ra.dlatlon effect on the 
hydrogen ion ccncontratlcn of the suspension when near 
the rhyslological pH of 7.4 strongly aug>?ests an 
’‘indirect action" phenomenon. Hovex^er, the radia.tlon 
effects, wht-n plotted, followed, in general, a holistic, 
sin-,l»i-ovent action curve, as would be predicted by th* 

"hit tlv'ory" . ITrob^bly both explanations of tho 
•swchAnlsrs of radl'-ticn damage to the cell are necessary. 

T' ey can be combined qualitatively in some such etutement 

The prlmar'y ionizations in the large protein rcolecules 
of *h; cell produce cell decomposition products, in 
tbv <tt\r environment produce active radicals. These ro, 
or* c .u?c, chemical changes, and so an alteration of the 
coll function results. 






Conoluslone 



These la vitro otudlco con f Ira the previous findings 

that: 

1. Leukocyte respiration is depressed hy 1 j*ge 
doses of radiation. 

2. Lymphocytes obtained fron the anpondix are 
such ^Eoro sensitive to radiation than are the granulocytes 
obtained frora the peritoneal exudate obtained experimentally, 
only one-quortcr of the dose being required for the ea-T.e 
effect. 

It has also been sho-n by these studies that: 

3. Vilicre granulocytes are used ae a bloloricel 
indicator, 1.7 rep of t,eta radiation is equlviaent to 
one roentgen of unflltered x-radiation (liVL 0,63u aa-. Cu). 

4. The radiation effects vary Inver eely with 
granulocyte concentration in the ouepension, over th>) range 
from one to sixteen tlaee their concentration in the 
peripheral blood, 

5. Radiation effects on the oxygen uptake ai*e 
stron ly dependent upon the pH of the suspending medium, 
and directly prcportlonal to the hydrogen ion c-ncantriticn 
over ft range of one pH unit centered around the pH of blood. 

6. Irradiation ’t 10-20®C has no definite effect 
on rosplratlon, nor does the "incubation time" after 
irradiation. 
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It Is concluded that: 
7. Destruction 
cells Ifl possibly a aainor 



of tho peripheral white blood 
factor in radiation Injury, 
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